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containing isoparaffin. Some important properties of this organic liquid are; density: 0.75g/cm3, interfacial tension: 43.01 dyne/cm, and carbon number: 7 to 12. Suspension consisting of 4.5 grams of zirconia powder and 150cm3 of organic liquid was placed in a cylindrical container with a diameter of 60mm and a height of 60mm. The suspension was agitated at a certain speed by using a high speed motor fitted with an impeller and desired amount of bridging liquid, i.e., demineralized distilled water, was added by using a microsyringe. The apparatus set-up and the configurations of the impellers used are depicted in Fig.1 . Agitation was stopped when all the suspended powders had formed to agglomerates and the suspension became transparent. The time when agitation was stopped is defined as the agglomeration time, TA. The total amount of electrical power consumed for the agitation of the suspension for each impeller configuration and speed was measured by using a power meter, Hioki HiTester model 2503. All power data refer to the power consumed for agitating the suspension minus the power consumed for rotating the impeller in air. In this paper, agitation intensity is used synonymous to energy dissipation which is proportional to the agitation power divided by the volume of suspension. 2.2 Quantification of the effect of presintered agglomerate porosity on sintered density The zirconia powder was formed into compacts shaped as disks or tablets. A desired amount of the powder was placed in a cylindrical mold with a diameter of 16mm and height of 50mm and uniaxially pressed at a load of 500kgf/cm2 with a crosshead speed of 2cm/min. The powder compact was carefully withdrawn from the mold, sealed in a vacuum pack and isostatically pressed at pressures ranging from 500 to 4,000kgf/cm2 in a cold isostatic press, Dr. CIP by Kobe Fig.2 The effects of the amount of bridging liquid, impeller configuration and agitation speed on agglomeration time TA. where, ST is the total surface area of the vessel and impeller available for impact with the agglomerate, V is the volume of suspension, v is the mean velocity of agglomerate and go is a proportionality constant. Hirajima et al. reported the influences of saturation degree (S) in the process of agglomeration in liquid. They have shown that in a heterogeneous agglomeration system, where flocs and agglomerates coexist, disappearance of flocs and complete agglomeration are attained upon reaching about 0.70-0.75S value. This range of S value may change depending on the agglomeration mechanism which is affected by the method of bridging liquid addition, size distribution of feed particles, etc. However, for similar agglomeration mechanism, the required range of S for complete agglomeration is almost the same. TA shown in Fig. 2 refers to the time when all the when S attained the required range for complete agglomeration. The saturation degree S is expressed as;
where co is the amount of bridging liquid (liquid weight/ solid weight), pp and pi are the densities of solid particles and the bridging liquid, respectively. By assuming S to be equal to 0.7 when all the flocs disappeared and assigning values for co, porosity can be calculated from Equation 3. Let us assume that this calculated porosity represents the least porosity 6 min attainable in a given agitation environment. By equating de/dr of Equation 1 to zero, the relation between s min and Kc can be derived; The calculated Kc was plotted against the amount of bridging liquid co and shown in Fig. 3 . The straight line in Fig. 3 where K2 is a constant. By using either Equation 8 or 9, the results of the compaction process simulation, i.e. Fig. 5 , where replotted against t and shown in Fig. 6 where a) K1=42 and b) K2=104 were arbitrarily used to investigate qualitatively the compaction process. From Fig. 6 it is evident that when t is kept constant increasing the compaction rate by increasing agitation intensity results in the reduction of porosity. The time needed to achieve constant porosity decreases with an increasing agitation intensity. These results indicate that increasing If it is desired to form agglomerates in 20 minutes using a constant dosage of bridging liquid, the agitation intensity can be adjusted by manipulating the geometry of the vessel and impeller or the rotational speed of the impeller. Thus, Equation 14 is a scale-up equation that can be utilized for designing an agglomerator.
Effect of green agglomerate porosity on density of sintered agglomerates
In the production of zirconia microspheres that can be Fig.10 The effect of CIP pressure on the porosity of presintered compacts.
Fig.11
Relationship between porosity of compacts before sintering and relative density after sintering.
used as media for grinding, mixing and dispersing , it is important to reduce the porosity of green agglomerates to enhance density and strength of sintered agglomerates . From the previous section it was shown that porosity was a function of the agitation intensity and decreased with an increase in agitation intensity. It is therefore essential to determine the optimum porosity of green agglomerates that will yield high density of sintered agglomerates. The effect of the porosity was quantified by using model agglomerates shaped as disks . The porosity of each disk was varied by using different pressures during cold isostatic pressing (CIP) .
Shown in Fig. 10 is the plot of CIP pressure versus the porosity of green powder compacts. The straight line is the statistical fit which clearly shows that the amount of void spaces in the powder compacts decreases with an increasing CIP pressure. Fig. 11 shows the relationship between the porosity of green powder compact and the relative density of sintered compacts. Relative density refers to the percentage of density of sintered compact measured by the Archimedes principle against the theoretical density of zirconia assumed as 6.1g/cm3. The maximum relative density attained was in the neighborhood. of 97.7%. This plot illustrates the dependence of final sintered density on the porosity of green powder compact prior to sintering. Generally , decreasing the porosity increases the relative density of sintered compact . However, at about 0.51 porosity, the relative density begun to level off at its maximum value. With porosities less than 0 .51, the voids can be sealed during the process of sintering whilst beyond this limit the voids are probably too large to close . 
Conclusion
The 
